2= Fermilab

FINAL REPORT TRAINING PROGRAM

MU2E PROJECT

T-TRACKER DETECTOR

T-tracker Panel analysis

Student: Supervisor:
Gianmarco Ducci Giuseppe Gallo

September 25, 2015



T-tracker Panel analysis Gianmarco Ducci

Contents
1 Tracker
2 Panel

2.1 Changes in Ring Manifold 2.5 . . . . . .. ... ... ... ... ...
2.1.1 Baseplate . . . . ...
2.1.2 ToplInner Ring . . . .. .. ... ... ... .
2.1.3 Middle Ribs . . . .. ..o

3 Baseplate FEM analysis
3.1 Model . . . . ..
3.2 Mesh . . . . .

4 Baseplate stiffness analysis before installation
4.1 Results. . . . . . .

5 Baseplate stiffness analysis during installation
5.1 Results . . . . . . . .
52 Conclusion . . . . . . . ...

6 Goals achieved

7 Table of drawings



T-tracker Panel analysis Gianmarco Ducci

1 Tracker

The Tracker consists of 20 “stations” supported by a rigid frame. Each station
consists of two planes, and each plane consists of six panels. Groups of straws are
assembled into the panels, 2 layers in each panel. The tracker design includes a self
supporting structure, as shown in Figure 1. Three longitudinal staves and three
stiffening rings make up the support frame of the Tracker detector. The bottom two
staves each have large grooves used to accept electrical cables, fibers, and cooling
lines. This structure maintains the structural integrity and provides the internal
position accuracy of the straws.

The overall size of the Tracker without the external support structure is 1620 mm
outside diameter and 3087 mm long. Including the support structure, it is 1680
mm outside diameter and 3270 mm long. An exception to the 1680 mm outside
diameter is the region just below the geometric center, where the bottom staves
extend radially to a 1700 mm outside diameter.
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Figure 1: Tracker
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2 Panel

Panels are mechanical parts that are needed for includeing electronic components.
We are developing panels layout to optimize space for electronic devices and manu-
facturing costs with the goal to keep constant the tracker efficiency . The purpose
of this document is to show the new layout of Panel, and the analysis related to the
panel installation activities.

2.1 Changes in Ring Manifold 2.5

In this section will be analyzed the new geometry of panel component, show in the
Figure 2.1.

Middle Ribs Top Inner Ring
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Bottom Inner Ring Insert

Baseplate

Figure 2: Ring Manifold 2.5
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2.1.1 Baseplate

Baseplate is the component due to accomodate electronic devices (e.g. motherboard
etc.).

In this configuration, according with electronic team, we have had to chage the
location of electronic mounting holes.

Moreover the total height of this part has been reduced in order to save longitudinal
space along tracker, with a significative reduction of the tracker weight.

Particular attention has been paid during this step because the minimum space for
electronic devices had to be guaranteed.

Another conceptual change has been to manufacture baseplate in an unique part
with external ribs, and as it will be shown in the next pages, we have verified that
the increase of stiffness was not a problem about installation.

Electronic Mounting Holes

External Rib

Figure 3: Layout of baseplate

2.1.2 Top Inner Ring

In order to reduce manufacturing cost, according with machine shop has been de-
cided to produce Top Inner Ring in Alluminum, instead stainless steel. Moreover
with respect to the previous version it has manufacture in an unique part.

Those changes have been applied respecting all interfaces and the drawing of this
part has been sent to machine shops. We have already received an answer and the
total cost of this part is about 800 USD. For this reason this part has been approved.
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Figure 4: View of Top Inner Ring for Ring Manifold 2.5

2.1.3 Middle Ribs

To permit this configuration, of course middle ribs height has been reduced too.
The result is that panel internal space has been reduced, as shown in the figure 5.
As I explained it before, the maximum value of reduction has been imposed by
electronic devices and the available space is into the red rectangular.

7.76mm height is sufficient to install electronic devices.

INTERNAL RIB
IV’TCP INNER RING
4.76 “‘
t

A

/ I T ‘ f=———=—/INSERT.

————73.80 ———=| |

LBASE PLATE

Top inmer ring
Mdder\b*\\ \

|

\
3 " Ei L
P AANRRRNNRNNRRRNNNRRVAN \\ 3.00
L s Insert
Bosep | ate

a3l

Figure 5: Panel cross section with quotes 2.0 vs 2.5
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3 Baseplate FEM analysis

Baseplate is the most critical component as concerns installation of Ring Manifold
2.5.

Our goal is to evaluate how baseplate stiffness changes from 2.0 to 2.5 configuration,
in order to understand if the new layout is acceptable regarding installation process.
To do this, manufacturing defects have been simulated by a FEM analysis that will
be described in the following paragraphs.

3.1 Model

I've created simplified model of baseplate with the following criteria (Figure 6):
e Holes and geometrical details have been excluded;

e For simmetry reasons, I've studied only the half part of baseplate.

0.000

Figure 6: Simplified model for baseplate 2.0 with 16mm size mesh

3.2 Mesh

Each simulation that will be described has been done with three different mesh size:
16mm, 8mm, 4mm.
The convergence value related to the result, is evaluated with 4mm size mesh.
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4 Baseplate stiffness analysis before installation

I've investigated on the behaviour of baseplate in a free state condition, evaluating
the force reaction that the operator should apply in order to compensate flatness
errors. I've applied a Fized Support condition on the plane of simmetry, because for
simmetry reason displacements and rotation are not allowed.

I've applied mm displacement in a critical point as load condition, to simulate
flatness errors due to manufacturing defects and residual stress after manufacturing
process. see figure 8.

Fixed support

& Z
Displacement m }

0.000 0.150 0.300 ()
]
0.075 0.225

Figure 7: Constrain and load condition

4.1 Results

Values of forces reaction found are shown in the table 1.

Mesh size [mm)] 16 8 4
Force reaction for Baseplate 2.0v [N] 15.48 15.34 15.29

Force reaction for Baseplate 2.5v [N] 15.54 15.49 15.48

Table 1: Results of FEM analysis on varying Mesh size

So in a free state condition, the new layout of this component is not absolutly a
problem as regards the flatness handle correction by an operator.
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5 Baseplate stiffness analysis during installation

In order to evaluate the baseplate stiness during installation, a FEM Analysis has
been done with the following criteria:

e Constrain: Fixed support on the middle face. On the plane of simmetry
displacements and rotation are not allowed;

e Constrain: No displacement along outer lower edge.

Figure 8: Constrain conditions

Load condition has been imposed in order to simulate manufacturing defects and
residual stress considering boundary conditions due to other components which in-
terfaces with baseplate. Considering also mechanical tolerances, Imm displacement
has been imposed in the vertex shown in figure 9.

Figure 9: Load conditions
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5.1 Results

The results of this simulation are reported in the table 5.1. A map of Y displacements

Mesh size [mm)] 16 8 4
Force reaction for Baseplate 2.0v [N] 53.95 53.54 53.38

Force reaction for Baseplate 2.5v [N] 69.37 69.15 69.03

is shown in the figure 10

Figure 10: Map of displacements

5.2 Conclusion

As shown in the analysis, the difference between baseplate 2.0 and baseplate 2.5
version is not significative as far as the installation is concerned. Comparing the
force reactions found, they have the same order of magnitude and the value of them
is acceptable for the purpose required.

6 Goals achieved

The new Ring Manifold 2.5 layout suggested has been approved, so all components
have been drawn in order to estimate manufacturing costs.
Drawings are reported in Appendix.
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7 Table of drawings

F10046000 | Assembly Ring Manifold 2.5
F10044993 Bottom Inner Ring
F10045419 Side cover
F10045438 Middle cover
F10045536 Internal rib
F10045539 Baseplate
F10046166 Frame

Table 2: Caption for the table.

In attachement are reported the non-commercial components drawings of Ring Man-

ifold 2.5.
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